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TECHNICAL FIELD 

5 The present invention relates to test equipment and measurements using test 

equipment. More particularly, the invention relates to measurement of phase noise of 
a signal under test. 

BACKGROUND ART 

Phase noise is noise that manifests itself as unwanted, usually random, 
10 fluctuations in a relative phase of a signal. Many modern systems, such as 

communications systems that employ one or more forms of phase modulation, phased 
array radars and the global positioning satellite system (GPS), depend on precise, 
accurate knowledge of signal phase for their operation. Phase noise directly interferes 
with the operation of these and related systems. Therefore, the measurement of phase 
15 noise is an important topic in the field of test and measurement. In particular, an 

important objective of phase noise measurement is to obtain an accurate measurement 
of a true phase noise for a given signal under test (SUT). 

There are a number of approaches known in the art for measuring phase noise, 
each method having its own advantages and disadvantages. For example, phase noise 

20 can be measured using a frequency discriminator or using a delay line and mixer as a 
frequency comparator. Another approach uses two sources and a phase comparator. 
Yet another approach measures phase noise using a heterodyne frequency 
measurement technique. However, among all of the approaches to phase noise 
measurement, perhaps the most popular and practical approach uses a spectrum 

25 analyzer. 



PDNO 10010274-1 



-2- 

A spectrum analyzer is a device or system that measures the power spectral 
density (PSD) of a signal or one of several closely related signal parameters. For the 
purposes of discussion herein, the PSD of a signal can be thought of as a measurement 
of signal power in a selected bandwidth as a function of frequency. Typically, the 
5 spectrum analyzer displays measured PSD in the form of a graph. Phase noise 
measurements can be extracted or computed from measured PSD of the SUT. 

Most spectrum analyzers, especially those used for high frequency RP and 
microwave signals, are implemented as heterodyne receivers that frequency shift or 
frequency convert the signal prior to detecting and measuring the power of the signal. 
10 A typical spectrum analyzer may employ three or four stages of frequency conversion 
prior to a signal power measurement. One or more of these frequency conversion 
stages generally utilizes a swept or stepped frequency local oscillator (LO) to provide 
frequency scanning or tuning. 

Unfortunately, phase noise measurements obtained using spectrum analyzers 
inevitably contain errors that distort and in some cases, even obscure the true phase 
noise of the signal under test. In practice, the LOs used in the various frequency 
conversions along with aspects of detecting and measuring signal power in the 
spectrum analyzer introduce or add phase noise to the SUT being measured. The 
added phase noise is typically independent of the signal being measured and is solely 
due to the operations performed by the spectrum analyzer on the SUT. For example, 
a major source of added phase noise in the spectrum analyzer is phase noise of a first 
LO used in a first frequency conversion stage of the spectrum analyzer. The end 
result is that the magnitude of the phase noise, as measured by the spectrum analyzer, 
is generally greater than the true or actual phase noise of the SUT due to this added 
phase noise. 

A conventional approach to mitigating the added phase noise effects of the 
spectrum analyzer used to measure phase noise of the SUT normally involves simply 
using a better spectrum analyzer. In simple terms, a better spectrum analyzer is one 
that has lower added phase noise. The lower the added phase noise, the less that 
30 added phase noise corrupts the measurements of phase noise of the SUT. 
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Lower added phase noise in a spectrum analyzer is typically achieved by using 
cleaner, more stable LOs. This is especially true for the LO used in the first 
frequency conversion stage or stages. In addition, added phase noise of a spectrum 
analyzer can often be reduced by increasing the resolution of the signal detection 
5 circuitry of the spectrum analyzer. Thus, a better spectrum analyzer, having lower 
added phase noise, is the result of using better, higher quality components to construct 
the spectrum analyzer. 

However, improving the added phase noise performance in a spectrum analyzer 
(i.e. reducing added phase noise) typically comes at a price. Even moderate 

10 improvements in phase noise performance from one model of spectrum analyzer to 
another can often result in significant increases in unit price. The increased unit price 
is due in large part to increased costs of better, higher performance LOs and/or higher 
resolution detection circuitry necessary to implement spectrum analyzers with lower 
added phase noise. Much the same thing can be said for the other phase noise 

15 measurement approaches known in the art. Increased phase noise measurement 
accuracy using better measurement devices can become very, sometimes even 
prohibitively, expensive. 

Accordingly, it would be nice to have a more economical approach to obtaining 
accurate phase noise measurements than simply using a better, more expensive 
20 spectrum analyzer. Moreover, it would be advantageous if such an approach could 
improve accuracy of phase noise measurements produced by virtually any spectrum 
analyzer, even ones with lower added phase noise. Such an approach would solve a 
long-standing need in the area of economical phase noise measurement using 
spectrum analyzers. 

25 SUMMARY OF THE INVENTION 

The present invention is a method and apparatus that compensate for phase 
noise added to actual phase noise of a signal under test (SUT) by a spectrum analyzer. 
Through compensation, the method and apparatus of the present invention mitigate 
the effects of the added phase noise, thereby yielding a more accurate determination 
30 of the true phase noise of the SUT. Furthermore, a system employing the method of 
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the present invention is applicable to measurements of phase noise performed with 
virtually any spectrum analyzer. 

In one aspect of the present invention, a method of compensating for added 
phase noise contributed by a spectrum analyzer is provided. The method of 
5 compensating comprises the step of applying a mathematical correction to measured 
phase noise data using information regarding the added phase noise of the spectrum 
analyzer. The step of applying produces actual phase noise data that more accurately 
approximates a true phase noise of the SUT than the measured phase noise data. The 
method of compensating for added phase noise may further comprise the step of 
10 measuring the phase noise of the SUT to produce the measured phase noise data and 
the step of determining the added phase noise of the spectrum analyzer. The method 
mitigates the effects of the added phase noise associated with the spectrum analyzer 
and yields a more accurate measure of the true phase noise of the SUT. 

In another aspect of the invention, a spectrum analyzer apparatus having added 
15 phase noise compensation is provided. The spectrum analyzer apparatus comprises a 
controller portion, a memory portion, a signal conversion and detection portion, and a 
compensation algorithm in the form of a computer program stored in the memory 
portion. The controller portion executes the compensation algorithm during a phase 
noise measurement by the spectrum analyzer. The compensation algorithm 
20 implements the method of compensating according to the present invention. In 

addition to storing the computer program, the memory portion provides temporary 
storage for data, such as that produced by the measurement portion. 

In yet another aspect of the invention, a system that compensates for added 
phase noise contributed by a spectrum analyzer to phase noise measurements of an 

25 SUT taken by the spectrum analyzer is provided. The compensation system 

comprises a controller and a spectrum analyzer. The controller comprises a memory, 
a central processing unit (CPU), a control algorithm stored in the memory, and an 
input/output control interface. The controller executes the control algorithm and in 
one embodiment, controls the spectrum analyzer using the control interface during a 

30 phase noise measurement of the SUT. The control algorithm, in the form of a 

computer program, implements the method of compensating of the present invention. 
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In part, the control algorithm computes actual phase noise data from measured phase 
noise data using added phase noise data for the spectrum analyzer. In another 
embodiment, the system does not control the spectrum .analyzer but instead, the 
system simply receives measured phase noise data from the spectrum analyzer and 
5 compensates for the added phase noise. 

The method and apparatus of the present invention facilitate a more economical 
approach to obtaining accurate phase noise measurements than the conventional 
approach of using a better spectrum analyzer. Improved accuracy is achieved by the 
present invention using compensation in the form of a mathematical correction of data 

10 obtained with the spectrum analyzer without relying on the use of costly, high 
performance components in the spectrum analyzer manufacture. Moreover, the 
method, apparatus and system of the present invention can improve the accuracy of 
phase noise measurements obtained using any spectrum analyzer. Thus, even 
measurements obtained with high performance spectrum analyzers can be improved 

15 according to the present invention. These and other features and advantages of the 
invention are detailed below with reference to the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the present invention may be more 
readily understood with reference to the following detailed description taken in 
20 conjunction with the accompanying drawings, where like reference numerals 
designate like structural elements, and in which: 

Figure 1 illustrates a block diagram of a typical spectrum analyzer. 

Figure 2 illustrates an example of a typical power spectrum of a signal under 

test. 

25 Figure 3 illustrates a flow chart of the steps of the method of compensating for 

added phase noise of the present invention. 



Figure 4 illustrates a block diagram of a spectrum analyzer apparatus having 
added phase noise compensation of the present invention. 
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Figure 5 illustrates a block diagram of a system according to the present 
invention that compensates for added phase noise by a spectrum analyzer in phase 
noise measurements of a signal under test (SUT) to yield a more accurate 
determination of an actual phase noise of the SUT. 

5 MODES FOR CARRYING OUT THE INVENTION 

The present invention is a method and apparatus that compensate for added 
phase noise in phase noise measurements obtained using a spectrum analyzer. The 
method and apparatus of the present invention attempt to correct for, or at least 
mitigate, the effects of the added phase noise produced by the spectrum analyzer in 

10 the measurements of phase noise of a signal under test (SUT) with the use of a 
mathematically based compensation. The result of using the added phase noise 
compensation method and apparatus of the present invention can be a more accurate 
determination of an actual or true phase noise of the SUT. Moreover, a system 
employing the method of the present invention can improve the accuracy of phase 

15 noise measurements performed using virtually any spectrum analyzer. 

In general, phase noise can be viewed as a measure of the short-term stability of 
a signal S(f). The phase noise is a measure of noise power as a function of frequency 
offset from a carrier frequency f c of the signal S(t). Although there are several 
commonly used definitions for signal characteristics associated with phase noise, for 
20 the purposes of simplicity of discussion herein, only phase noise defined as single 
sided phase noise £(f m ) will be described with respect to the invention. 

Single sided phase noise £(f m ) is the ratio of the single sideband power of phase 
noise in a 1 -Hz bandwidth at an offset frequency f m measured from a carrier frequency 
f c to the total power of the signal. Single sideband phase noise £(f m ) is normally given 
25 in terms of dBc/Hz where 'dBc' refers to Decibels relative to the carrier. In general, 
the discussion herein below applies equally to other commonly used signal 
characteristic definitions associated with phase noise, as one skilled in the art will 
readily recognize, and all signal characteristic definitions are within the scope of the 
present invention. Thus, the discussion hereinbelow, while describing the invention 
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with respect to single sideband phase noise £(f m ) for simplicity purposes only, does 
not limit the scope of the present invention in any way. 

As mentioned hereinabove, one method of measuring phase noise of a SUT uses 
a spectrum analyzer. Figure 1 illustrates a conceptual block diagram of a typical 
5 spectrum analyzer based on a dual-conversion, heterodyne receiver architecture. The 
block diagram illustrated in Figure 1 is included for descriptive purposes only and is 
not intended to limit the scope of the present invention in any way. 

The spectrum analyzer illustrated in Figure 1 comprises a filter 10, a first mixer 
20, a first local oscillator (LO) 30, a tuning controller 40, a first intermediate 

10 frequency (IF) filter 50, a second mixer 60, a second LO 70, a signal processor 80 and 
a display 90. A signal S(t) applied to an input of the spectrum analyzer is filtered by 
the filter 10 and then mixed with an LO signal from the first LO 30 in the first mixer 
20. Mixing the applied signal S(t) with the LO signal frequency converts the applied 
signal S(t) to a first IF frequency where the converted or IF signal Sif(0 is filtered by 

15 the IF filter 50. The IF signal Sw(t) is further frequency converted by mixing the IF 
signal 5"if(0 with a second LO signal from the second LO 70 in the second mixer 60. 
After the second frequency conversion, the signal is detected and processed by the 
signal processor 80. Together, these elements 10, 20, 30, 40, 50, 60, 70, 80, comprise 
a signal conversion and detection portion of a spectrum analyzer. Other architectures 

20 for the signal conversion and detection portion are known in the art. In particular, 
many modern spectrum analyzers have signal and detection portions that employ 
more than two frequency conversions. All such spectrum analyzers are considered to 
be within the scope of the present invention. 

In addition to the signal conversion and detection portion, most spectrum 
25 analyzers further comprise a control portion 90 including a display. The control 

portion 90 controls the operation of the spectrum analyzer. Measured results obtained 
by the spectrum analyzer are displayed as data on the display in a graphical format. 
The display often serves as part of a user interface allowing a user to interact with the 
control portion 90 in addition to providing data display. 
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Tuning, or more commonly referred to as 'frequency scanning' when discussing 
spectrum analyzers, is accomplished by the tuning controller 40. The tuning 
controller 40 adjusts a frequency of the LO signal of the first LO 30. For example, 
the tuning controller 40 may comprise a ramp generator that produces a ramped 
voltage. The first LO 30 may be a voltage controlled oscillator (VCO) that is tuned 
by the ramped voltage. More commonly, the voltage controller 40 and first LO 30 are 
combined together and implemented as a tunable frequency synthesizer. A more 
detailed discussion of the operational and architectural details of spectrum analyzers 
is beyond the scope of the present discussion. However, one of ordinary skill in the 
art is familiar with spectrum analyzers and their operation. 

To perform a phase noise measurement using a spectrum analyzer, the SUT 
having a carrier frequency f c is applied to the input of the spectrum analyzer. The 
spectrum analyzer sweeps a frequency range containing the SUT carrier frequency f c 
and measures signal power detected in a given, selectable bandwidth at a number of 
frequencies within the frequency range. The measured signal power is recorded by 
the spectrum analyzer as a set of measured values data. The frequency sweep can be 
either a continuous sweep or a stepped sweep consisting of discrete frequency points 
within the frequency range. In either case, a power spectrum of the SUT is produced 
from the measured signal power data. Often the power spectrum is plotted as 
magnitude versus frequency on the display 90 of the spectrum analyzer. 

An example of a typical power spectrum 92 of an SUT that might be produced 
by a spectrum analyzer is illustrated in Figure 2. As illustrated in Figure 2, the 
frequency range is from a frequency f star t to a frequency f stop . A carrier of the SUT 94 
is represented by a high-magnitude, narrow bandwidth portion of the spectrum 92 at a 
25 carrier frequency f c . Phase noise associated with the SUT 94 accounts for an increase 
in a noise level 96 in the vicinity of the carrier frequency^ of the SUT 94 relative to a 
spectrum analyzer noise floor or limit 98 at frequencies away from the carrier 
frequency f c . 

The measured phase noise £(f m ) of the SUT is computed from the power 
30 spectrum by taking a ratio of the power measured at a set of offset frequencies^ to 
power measured at the carrier frequency f c . Of course, the measured phase noise at 
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the intermediate frequency (IF) stage of the spectrum analyzer includes added phase 
noise £sA(fm) contributed by the spectrum analyzer as well as the actual phase noise 
£A(fm) of the SUT. As mentioned hereinabove, a principal source of added phase 
noise in most spectrum analyzers is the first LO signal. A more detailed discussion of 
5 measuring phase noise using spectrum analyzers is readily available in a variety of 
textbooks and other sources including application and product notes from spectrum 
analyzer manufacturers. For example, one such product note is Agilent Technologies 
Product Note PN 89400-2, Measuring Phase Noise with the Agilent 89400 Series 
Vector Signal Analyzer, incorporated by reference herein. 

10 As with other types of noise in a system, 'superposition of powers' applies to 

phase noise £(f m ) in spectrum analyzers. In brief, 'superposition of powers' states 
that for any system in which the noise can be resolved into a sum of two noise 
processes n\(t), n2(t), the noise power of the sum of the noise processes n\{f) + n 2 (t) is 
given by equation (1) 

15 P sum =P,+P 2+ 2E[ ni {t)n 2 (t)] (1) 

where P\ is the power of the noise process n\(f), P2 is the power of the noise process 
n 2 (t), and E[ni(f)n 2 (t)] is the cross correlation of the noise processes n\{f), n 2 {t). For 
uncorrected noise processes n\(t), n 2 (t), the cross correlation E\n x (t)n 2 (t)] is exactly 
zero and the noise power is simply the sum of the noise powers P\ and P 2 of the two 
20 uncorrected noise processes n 2 (t). 

Advantageously, the added phase noise £sA(fm) contributed or added by a 
spectrum analyzer to actual phase noise £A(f m ) of the SUT resulting in the measured 
phase noise £(f m ) is primarily related to the phase noise of the LO signals produced by 
the local oscillators 30, 70. In addition, although to a lesser extent, detection and 
25 signal processing operations performed in the signal processor 80 internal to the 

spectrum analyzer can add phase noise to the measured phase noise £(f m ) of the SUT. 
As such, the added phase noise of a spectrum analyzer is independent from and 
therefore, uncorrelated with the actual phase noise £^(/ m ) of the SUT. Since the 
added phase noise £sa(/™) of the spectrum analyzer is uncorrelated with the actual 
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phase noise £A(f m ) of the SUT , the added phase noise £sA(fm) adds to the actual phase 
noise £-A(fm) of the SUT by virtue of superposition of powers. Thus, the measured 
phase noise £(f m ) for the SUT produced by the spectrum analyzer is the sum of the 
actual phase noise £A(f m ) of the SUT and the added phase noise £sA(fm) of the 
5 spectrum analyzer and is given by equation (2) 



£(f m ) = lOloj 



10 io +10 10 



(2) 



where the phase noises £(fm), £sA(fm), and £A(fm) are all given in terms of dBc/Hz. In 
addition to being additive, the added phase noise £sA(fm) of the spectrum analyzer 
typically is characterized by an essentially stationary random process, varying only 
10 slowly with time and temperature. 

In one aspect of the invention, a method 1 00 of compensating for phase noise 
added by a spectrum analyzer to phase noise measurements of an SUT taken by the 
spectrum analyzer is provided. A flow chart of the steps of the method 100 of 
compensating for added phase noise is illustrated in Figure 3. The method 100 of 

15 compensating for added phase noise comprises the step of measuring 110 phase noise 
£(f m ) of the SUT. The step of measuring 1 10 is essentially the conventional method 
of measuring phase noise £(f m ) with a spectrum analyzer. For example, the step of 
measuring 1 10 may comprise the step of applying 1 12 the SUT to an input of the 
spectrum analyzer, the step of sweeping 1 14 the frequency of the spectrum analyzer, 

20 the step of detecting and measuring 1 16 signal power at a plurality of offset 

frequencies^, and the step of computing 118 measured phase noise £(f m ) at each of 
the offset frequencies^ (the conventional steps 112, 1 H, 116 and 1 18 are not 
illustrated herein). The result of the step of measuring 1 10 is a set of measured phase 
noise £(f m ) values or measured phase noise £(f m ) data. 

25 The method 100 of compensating further comprises the step of determining 120 

the added phase noise £sA(fm) of the spectrum analyzer at each of the offset 
frequencies^ under reference conditions. The term 'reference condition', as used 
herein, refers to a measurement or an equivalent operation that mimics the conditions 
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of the step of measuring 1 10, but does not involve the SUT. The step of determining 
120 can be performed at some time prior to the step of measuring 1 1 0 and the results 
or data stored for later use, or the step of determining 120 can be performed each time 
the step of measuring 1 10 is performed. Thus, the step of determining 120 can 
5 preceded or follow the step of measuring 110. 

Preferably, the step of determining 120 the added phase noise £sA(fm) of the 
spectrum analyzer comprises a direct measurement of the added phase noise £sA(fm) at 
the offset frequencies^ and under operational conditions of the spectrum analyzer 
that are similar or identical to those of the step of measuring 1 10 (i.e. reference 

10 conditions). Alternatively, the step of determining 120 can use added phase noise 
£sA(fm) data measured and supplied by the manufacturer of the spectrum analyzer. 
Yet another alternative is to extract the added phase noise £sA(fm) data from nominal 
added phase noise £'sA(fm) specification data for the class of spectrum analyzers to 
which the spectrum analyzer belongs. Of course, the more accurate the added phase 

15 noise £sA(fm) data is, the better will be the results of the method 100 of compensating 
for added phase noise. 

In a preferred embodiment, the step of determining 120 comprises the step of 
generating 122 a clean or ultra-low phase noise reference signal at the carrier 
frequency f c of the SUT. The reference signal is a signal that has phase noise £ re j(fm) 

20 that is less than, and preferably much less than, the expected added phase noise 

£sA(fm) being determined. The preferred embodiment of the step of determining 120 
further comprises the step of measuring 124 the phase noise £sA(fm) at each of the 
offset frequencies^. Typically, if the phase noise £ re j(fm) of the ultra-low phase noise 
signal is at least 10 dB below the added phase noise £sA(f m ) being determined 120, the 

25 effects of the phase noise £ re j(fm) of the ultra-low phase noise signal can be ignored 
and the step of measuring 124 essentially measures the added phase noise £sA(fm) 
directly (the steps of generating 122 and measuring 124 of the preferred embodiment 
are not illustrated herein). Alternatively, the added phase noise £sA(fm) can be 
computed using equation (3) 
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(3) 
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15 
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where £' re j(fm) is an a priori known phase noise of the reference signal and AefOm) is 
the measured phase noise of the reference signal using the spectrum analyzer in the 
step of determining 120. The reference signal phase noise £' re /f m ) may be derived 
from data provided by a manufacturer of the reference source or the reference signal 
phase noise £' re /fm) may be measured using an independent phase noise measurement 
means. A specification for phase noise of the reference source may also be used to 
derive the reference signal phase noise £' re /fm) needed by equation (3). Of course, as 
one skilled in the art will recognize, the accuracy of the reference source phase noise 
£'re/fm) establishes the accuracy of the determined 120 added phase noise £sA(fm)- 

The method 100 of compensating for added phase noise further comprises the 
step of applying 130 a mathematical correction to the measured phase noise data from 
the step of measuring 110. The correction that is applied 130 consists of calculating 
an actual phase noise value at each of the offset frequencies from the measured phase 
noise £ff m ) data and the determined added phase noise £sA(fm) data for the spectrum 
analyzer. The mathematical correction of the step of applying 130 is given by 
equation (4) 



where £A(f m ) represents the actual phase noise of the SUT after compensating for the 
added phase noise £sA(f m ) of the spectrum analyzer. Thus, the mathematical 
correction consists of subtracting from the measured phase noise £(f m ) data the added 
phase noise £sA(fm) data of the spectrum analyzer. As described hereinabove, if the 
added phase noise £sA(fm) is not known precisely, an approximation of the added 
phase noise £sA(fm) may be used instead. The accuracy of the approximation will, of 
course, directly affect the accuracy of the correction and, by extension, the accuracy 
of the actual phase noise £A(f m ) determined for the SUT in the step of applying 130. 




PDNO 10010274-1 



By way of example, consider applying the method 100 to a SUT. Furthermore, 
assume that the measured phase noise £(f m ) obtained in the step of measuring 1 10 at 
the offset frequency f m =10 kHz is -1 16.5 dBc/Hz and the added phase noise £sA(fm) 
obtained in the step of determining 120 at the offset frequency./™ = 10 kHz is 
5 -1 17.0 dBc/Hz. The step of applying 130 a correction using equation (4) would yield 
an actual phase noise £A(f m ) at the offset frequency f m =10 kHz equal to -126.1 
dBc/Hz for the SUT. 

The preceding example demonstrates that the method 100 of compensating for 
added phase noise enables the determination of a more accurate actual phase noise 

10 £-A(fm) of the SUT than would be possible without the present invention. In the 

example hereinabove, the determined actual phase noise of the SUT is more than 9 dB 
below the added phase noise £sA(fm) of the spectrum analyzer. Theoretically, the 
added phase noise £sA(fm) contribution of the spectrum analyzer can be completely 
cancelled to produce an infinite actual phase noise £A(f m ) measurement range. In 

15 practice, measurement uncertainty and repeatability limit the amount of achievable 
compensation. With averaging of measurements, actual phase noise determinations 
up to approximately 10 dB below the added phase noise £sA(fm) floor of the spectrum 
analyzer should be possible. If the reference signal has phase noise £ re j(fm) that is 20 
dB lower than the added phase noise £sA(fm) of the spectrum analyzer, for example, 

20 the spectrum analyzer can be effectively calibrated by the present invention to within 
an accuracy level of 0.05 dB. Furthermore, if the actual phase noise of the reference 
signal £ re j(fm) is known at all offset frequencies^, a version of equation (3) can be 
used to correct the determination 120 of added phase noise £sA(f m )- 

The method 100 of compensating for added phase noise further comprises the 
25 optional step of displaying the corrected phase noise data. Thus, the compensation of 
method 100 can be accomplished in a manner that is essentially transparent to an 
individual performing the phase noise measurements. Moreover, as mentioned 
hereinabove, the order of the steps of measuring 110 and determining 120 can be 
reversed and still be within the scope of the present invention. 
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As described above, there are at least three possible, alternative embodiments of 
the step of determining 120. Also as noted above, the preferred and most accurate 
embodiment of the step of determining 120 is to measure the added phase noise under 
conditions that match those of the step of measuring 110 phase noise of the SUT as 
5 closely as possible (i.e. reference conditions). In particular, when using the ultra-low 
phase noise reference signal, it is preferred that the signal has a carrier frequency and 
a carrier power level that match as closely as possible those of the SUT. The other 
alternatives for the step of determining 120 mentioned hereinabove, especially using 
nominal added phase noise data, may be limited by errors introduced by variations in 
10 the added phase noise of a spectrum analyzer as a function of frequency and 

temperature, and aging. Even so, using the nominal phase noise data for the spectrum 
analyzer can compensate for some of the added phase noise £sA(fm) and improve the 
determined accuracy of the actual phase noise £A(f m ) by several decibels. Using 
individually measured phase noise data for the spectrum analyzer supplied by the 
15 manufacturer can improve the compensation effectiveness even further than using the 
nominal data, especially when phase noise data across the frequency range are 
available. 

For accurate phase noise results from the method 100 of the present invention, it 
may be helpful to average many individual measurements in the step of measuring 
110. Likewise, averaging can be used to improve the accuracy of the step of 
determining 120. Averaging tends to remove random fluctuations in the measured 
data associated with detection and power measurement processing in the spectrum 
analyzer. Measurement averaging is a well-known technique in the art of spectrum 
analyzer measurements. In practice, a 10 dB of improvement in added phase noise 
compensation according to the present invention can be achieved by averaging the 
measurements 110, 120. Preferably, the measurements 110, 120 are averaged 
approximately 200 times. Thus, one using the method 100 of the present invention 
may trade off measurement speed for measurement accuracy and still be within the 
scope of the present invention. A more thorough discussion of measurement 
averaging with respect to spectrum analyzer measurements and noise can be found in 
Agilent Technologies Application Note 1303, Spectrum Analyzer Measurements and 
Noise, literature part number 5966-4008E, 1998, incorporated by reference herein. 
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In another aspect of the invention, a spectrum analyzer apparatus 200 for 
determining an actual phase noise of a SUT is provided. The spectrum analyzer 
apparatus 200 compensates for the phase noise added by the spectrum analyzer to 
phase noise measurements of a SUT taken by the spectrum analyzer. The spectrum 
5 analyzer apparatus 200 is illustrated in Figure 4. The spectrum analyzer apparatus 
200 comprises a controller or processor portion 210, a memory portion 220, a signal 
conversion and detection portion 230, and a compensation algorithm 240 in the form 
of a computer program stored in the memory portion 220. One example of a signal 
conversion and detection portion 230 is illustrated in Figure 1 as the elements 10, 20, 

10 30, 40, 50, 60, 70 and 80. The processor portion 210 executes the compensation 
algorithm 240 during a phase noise measurement by the spectrum analyzer. The 
processor portion 210 can comprise a microprocessor or microcontroller, for example. 
Alternatively, the processor portion 210 can be implemented as an application specific 
integrated circuit (ASIC). One of ordinary skill in the art is familiar with processors 

15 useful for the invention. 

In addition to storing the computer program, the memory portion 220 may 
provide temporary storage for data produced by the signal conversion and detection 
portion 230 as well as storage of added phase noise data. The memory portion 220 
comprises computer memory that is read/write enabled. For example, the memory 
20 can be random access memory (RAM) or can be a form of magnetic media such as a 
disk drive or tape. RAM is preferred. One skilled in the art is familiar with memory 
suitable for the memory portion 220 of the present invention. The computer program 
may provide additional control and processing functions to the spectrum analyzer 
apparatus 200 in addition to the compensation algorithm 240. 

25 The compensation algorithm 240, implemented in the form of a computer 

program, essentially performs the method 100 according to the present invention. In 
particular, the compensation algorithm 240 performs the step of applying 130 a 
correction using equation (4) to measured phase noise data produced by the signal 
conversion and detection portion 230 as part of a phase noise measurement. The 

30 compensation algorithm 240 may also automate the steps of measuring 1 1 0 phase 
noise of the SUT to generate the measured phase noise data and of determining 120 
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the added phase noise of the spectrum analyzer apparatus 200 to produce added phase 
noise data. Alternatively, the step of determining 120 can be performed once during a 
calibration process for the spectrum analyzer apparatus 200 and the results stored in 
the memory portion 220. In this latter case, the compensation algorithm 240 merely 
5 recalls the previously stored added phase noise data from the memory portion 220 
during operation of the program and uses the stored data to apply 130 the correction. 
Depending on the nature of the memory portion 220, the computer program is stored 
either as software or as firmware. Given the discussion hereinabove, including 
equation (4), one skilled in the art could readily create just such a computer program 
10 without undue experimentation. 

In another aspect of the invention, a system 300 that compensates for phase 
noise added by a spectrum analyzer to phase noise measurements of a SUT taken by 
the spectrum analyzer is provided. A block diagram of the system 300 of 
compensating is illustrated in Figure 5. The system 300 comprises a controller 310 

15 and a spectrum analyzer 320. The spectrum analyzer 320 can be any spectrum 

analyzer known or that may be used in the art. In one embodiment, the controller 310 
is a general-purpose computer, such as a personal computer (PC). The controller 310 
comprises a memory 3 12, a central processing unit (CPU) 3 14, a control algorithm 
3 1 6 stored in the memory 312, and an input/output control interface 318. The 

20 controller 310 controls the execution of the control algorithm 316 using the CPU 314 
and controls the spectrum analyzer 320 using the control interface 318 during a phase 
noise measurement of the SUT. The control algorithm 3 16 is in the form of computer 
program stored as software or firmware and essentially implements the steps of the 
method 100. Given the discussion hereinabove, including equations (3) and (4), one 

25 skilled in the art could readily generate just such a computer program that 
incorporates the control algorithm 316 without undue experimentation. 

The CPU 314 executes the control algorithm 316 under the control of the 
controller 310. In particular, the control algorithm 316 executed by the CPU 314 
implements the step of measuring 1 10 the phase noise £(f m ) for the SUT by 
30 instructing the spectrum analyzer 320 to perform a measurement. The control 

algorithm 316 further implements the step of applying 130 a mathematical correction 
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by using measured phase noise data in conjunction with stored added phase noise 
data. The stored added phase noise data is determined by the step of determining 120 
and stored in the memory 312. The step of determining 120 may be implemented as 
part of the control algorithm 3 16 or may be performed by another means, in which 
5 case the control algorithm 316 simply utilizes the stored added phase noise data. 

In another embodiment, the system 300' does not control the spectrum analyzer 
320. Instead, in this alternate embodiment, the system 300' simply receives the SUT 
measured phase noise £(f m ) data from the spectrum analyzer 320 via the interface 318. 
The controller 310' then applies the correction using a portion of the control 
10 algorithm 316' that implements the step of applying 130 according to the method 100 
of the present invention. 

Thus, there have been described a method 100, an apparatus 200, and a system 
300, 300' that compensate for added phase noise associated with a spectrum analyzer 
in measurements of phase noise of the SUT. It should be understood that the above- 
15 described embodiments are merely illustrative of the some of the many specific 
embodiments that represent the principles of the present invention. Clearly, those 
skilled in the art can readily devise numerous other arrangements without departing 
from the scope of the present invention as defined by the following claims. 



